Abstract. CCD photometry in the eight-color Vilnius + I system for 7250 stars down to I = 19.6 mag has been obtained in the 20 ′ × 26 ′ field of the open cluster IC 361 in Camelopardalis. The catalog of 1420 stars down to V ∼ 18.5 mag is presented. It contains the coordinates, V magnitudes and seven color indices, quantitative photometric spectral types, absolute magnitudes and distances. The interstellar extinction is found to be non-uniform across the field, with the values of A V in the range 1.9 to 2.4 mag. The distribution of distance moduli of individual stars shows that the cluster is located as far as, or just beyond, the Perseus spiral arm.
INTRODUCTION
The open cluster IC 361 in Camelopardalis (ℓ = 147.5
• , b = 5.7
• ) is well detached from the field, but because of faintness it has been very poorly studied. The only photometric information published to date is that by Piccirillo & Stein (1978) who obtained in the field of the cluster photoelectric UBV and photographic BV data for 19 and 32 stars, respectively, identified the contours of the main sequence and identified a few red giant stars. Based on these preliminary data they adopted a distance of 2.5 kpc, a high value of reddening, E B−V = 0.55, and suggested the age in the range 0.5 to 1 Gyr. IC 361 lies in the second Galactic quadrant, in the immediate vicinity of the Camelopardalis dark clouds. Therefore, it is not surprising that the cluster demonstrates a considerable interstellar reddening. In such a case, the contribution of multicolor medium-band photometry can provide improved determinations of the fundamental parameters of the cluster. For this purpose we have undertaken CCD observations in the Vilnius seven-color system in the 20 ′ × 20 ′ field covering the cluster and its immediate surroundings. An I filter of the Cousins photometric system has been added.
In Section 2 we describe our observations in the field of IC 361 and data reduc-tions. In Section 3 we present the results of photometry. The methods for quantitative classification of individual stars are described in Section 4. The derived spectral types, the values of interstellar extinction and distances to individual stars are given in Table 3 . A brief discussion of the results is given in Section 5. The cluster parameters derived with these data will be presented in the forthcoming paper.
OBSERVATIONS AND REDUCTIONS
CCD observations in seven filters U,P,X,Y,Z,V,S of the Vilnius system plus the filter I of the Cousins system were carried out in December of 1999 with a 2K CCD camera on the 1 m telescope of the USNO Flagstaff Station (Arizona), which gives a field of the diameter of 20 ′ . Repeated observations in the Vilnius filters were done with the same telescope and a new 2K×2K CCD camera in March of 2009. During the latter run we have obtained well-calibrated CCD data only for filters Y, Z, V, S, since observations through the remaining three filters on the succeeding night were curtailed by cirrus clouds.
Additional frames in the Vilnius filters U,Y,V were taken for the central part of the field (12 ′ × 12 ′ ) in December of 2008 with a 4K CCD camera on the 1.8 m Vatican Advanced Technology Telescope (VATT) on Mt. Graham (Arizona).
The exposures taken during the three observing runs are listed in Table 1 . Since some exposures were done with a small shift in DEC, the measured field coverage is about 20 ′ × 26 ′ . Figure 1 shows a Flagstaff exposure in the I filter. Processing of the Flagstaff data was carried out within the IRAF 1 data reduction software by combining both the aperture and point spread function (PSF) method. Flat-field corrections were obtained from twilight and dome flats. On each of the CCD frames, up to 100 uncrowded stars were selected by multi-aperture photometry to obtain the best fit parameters of the PSF profile. This PSF was then fitted to all detected profiles on each frame. The calibration equations were obtained by observing the standard field of M 67 (Laugalys et al. 2004) . For the Flagstaff run 1999 the equations were as follows: In these equations, the upper-case letters stand for the magnitudes in the standard system, the lower-case letters indicate the instrumental magnitudes corrected for atmospheric extinction. The Flagstaff data of 2009 were transformed to the 1999 system. The zero-points of color indices and the V magnitude in the Vilnius system were fixed by using five standard stars in the cluster vicinity observed with a photoelectric photometer on the 1.65 m telescope of the Molėtai Observatory (Zdanavičius & Zdanavičius 2002) . The V -I system is described in Laugalys et al. (2004) . The zero point of V -I was fixed using 20 stars selected from the Droege et al. (2006) survey.
The typical single-measurement errors in V magnitude for the two Flagstaff runs and the VATT run are compared in Figure 2 . It can be seen that the accuracy of our Flagstaff 1999 photometry is much lower than that of the 2009 run. The errors in VATT photometry obtained in the central part of the cluster do not exceed 0.02 mag down to V =19.0 mag.
In Figure 3 we show the differences in magnitude V between the two Flagstaff runs (left panel) and the differences in color index U −V between the Flagstaff (average over both runs) and VATT data (right panel). In the final catalog of Vilnius photometry (Table 3 ) the given data are averaged over the three observing runs, Flagstaff 1999 , Flagstaff 2009 and VATT 2008 , taking into account photometric errors.
To derive the cluster center, a Gaussian function was fit to the distributions of stars on the CCD (in the x-and y-directions) from each exposure in both the V and I filters. The (x,y)-position of the cluster center, acquired in this way, was transformed to the right ascension, declination system using the USNO-B1.0 catalog (Monet et al. 2003 ) and found to be α = 4 h 18 m 55.0 s , δ = +58 • 14 ′ 53 ′′ (J2000.0).
The estimated cluster center is close to the center of our CCD images, but quite different from those given in the WEBDA 2 database or quoted elsewhere in the literature. The (x,y)-coordinates of stars were transformed to the equatorial system (J2000.0) of the same USNO-B1.0 catalog.
CATALOG OF PHOTOMETRY
The catalog of V magnitudes and color indices of 1420 stars down to V ∼ 18.5 mag both in the standard Vilnius system and V -I is given in Table 3 , together with the results of photometric classification (see Section 4). Only the stars having X, Y , Z and V magnitudes are included. Therefore, a number of fainter (V >18.5) stars having only U, Y, V photometry from the VATT run are not listed. A colon following the magnitude or color index indicates that the rms error is between 0.05 and 0.10 mag, and a double colon stands for errors of 0.1 mag or larger.
The internal rms errors of the catalog, estimated for five magnitude intervals, are given in Table 2 . These were calculated by means of repeated observations as
where (x − x i ) is the difference between the mean and the individual measurement of each star, n is the number of multiple observations for each star, and N is the number of stars in the catalog in a given magnitude interval. (1) COMPAR code, based on the so-called σQ-method (Straižys et al. 2001a) . The principle of the method is matching 14 different interstellar reddening-free Q-parameters of a program star to those of about 8400 standard stars of various spectral and luminosity classes, metallicities and peculiarity types. This code selects a number of standard stars which have a set of Q-parameters most similar to those of a program star. If the σQ values are sufficiently small (i.e. Q-differences between a program star and the closest standard stars are small), the average parameters of the closest standard stars will be assigned to that program star. σQ is a function of the accuracy of photometry, the uncertainty in stellar parameters of standard stars and the degree of representation of various types of standard stars included. For photometry of Population I stars with the 1% accuracy, σQ is usually of the order of ±(0.01 − 0.02) mag.
(2) xqKLAS code, based on the so-called xq-method developed by Zdanavičius (2005) . The method relies upon a new concept of reddening-free parameters (q) and a 'virtual' quantity of the interstellar dust (x). 1418 standards are formed by calculating the mean dereddened color indices for 89 spectral subclasses (mostly for each one subclass or, in the case of late-type stars, for each 0.25 subclass) and 17 values of the absolute magnitude M V . The code takes into account the errors of photometry and, as a final result, gives for each program star its spectral type, M V , interstellar extinction A V and distance from the sun.
(3) TINKLAS code, which classifies stars using six Q, Q diagrams as described in Straižys (1992) . Each of such diagrams is formed from two reddening-free Qparameters and calibrated in terms of spectral classes and absolute magnitudes.
(4) dxq method, developed recently by one of the authors (K. Z.), uses a combination of ten Vilnius color indices of 300 standards of solar chemical composition. These standards represent a variety of spectral and luminosity classes with known mean intrinsic color indices. As a first step, the color indices of each observed star are compared with those of standards to find the differences for each of the ten color indices. Then, using these differences and the color excesses for unit mass of interstellar dust, derived from the interstellar extinction law, the values of dust mass are calculated for each color index of each standard. Finally, the parameters of the standard which gives the least scatter in dust mass calculated using the ten color indices are ascribed to the star under classification.
Spectral classes and absolute magnitudes of program stars determined by methods (2), (3) and (4) were used to estimate luminosity classes according to MK type calibrations in M V from Straižys (1992) . The intrinsic color indices (Y − V ) 0 used for the determination of E Y −V were also taken from Straižys (1992) . The values of A V were calculated with R = A V /E Y −V = 4.16 for the normal interstellar extinction law (Straižys et al. 2001b) .
It should be noted that the above four codes use slightly different sets of spectral standards. However, the comparison of the classifications shows that the four methods give results generally in good agreement. For a total of 1225 stars, the average difference between the spectral classes derived by dxq and COMPAR codes was found to be 1.8 subclasses. For stars of spectral type F5 and later types (268 stars), this difference is only 1.2 subclass. Spectral types of about 50 stars, mainly of early types, differ more than by 5 spectral subclasses. The difference of dereddened and intrinsic color indices calculated by the dxq method is shown in Figure 5 .
The results of quantitative classification, i.e. spectral types, the values of interstellar extinction A V and distances are given in Table 3 , together with the catalog of observations. Poor quality classification data (the difference between 0.05 and 0.10 mag) are marked by a colon, and those with larger uncertainties (0.1 mag or larger) are indicated with a double colon. For about 250 stars in the table, mainly of A-G types at fainter magnitudes, no luminosity classes were determined. For these, the intrinsic color indices of luminosity class V were ascribed when calculating the values of interstellar extinction. Since the cluster stars are slightly metal-deficient (Zdanavičus et al. 2009a) , the classification using standards of only solar abundances may lead to a slight overestimate of distances.
DISCUSSION AND CONCLUSIONS
In Figure 6 (left panel) we show the distribution of individual distance moduli (m − M ) 0 for the sample of 1225 stars. If we assume that the second peak of the distribution at (m − M ) 0 = 12.8 mag (as well as the concentration of points in the right-panel diagram) represents the cluster population, we may suggest that IC 361 is located as far as, or just beyond, the Perseus arm. The first peak seen at slightly smaller distance is probably due to unresolved binary stars.
The dependence of interstellar extinction on the distance moduli is demonstrated in the A V vs. (m − M ) 0 diagram (right panel of Figure 6 ). The two principal features to note in this figure are (1) the heavy concentration of points in the vertically elongated area centered approximately at (m − M ) 0 = 12.8 and A V = 2.2 mag, which can be considered to be the concentration of the cluster members, and (2) the spread of A V values at this particular distance. It is evident from the scatter that interstellar extinction A V is non-uniform across the cluster field, with the values of A V ranging from 1.9 to 2.4 mag.
The evidence for variable extinction also comes from IRAS 100 µm thermal emission image taken from SkyView Virtual Observatory 3 , which is shown in Figure 7 . According to the reddening calibrations of dust maps by Schlegel et al. (1998) , the values of E B−V across IC 361 are in the range 0.79 to 0.90 mag, with corresponding A V values from 2.4 to 2.8 mag.
A non-uniform extinction across the cluster complicates fitting the color magnitude diagram to theoretical isochrones and, consequently, the determination of age and other basic parameters. In such a case, the use of photometric parameters of individual stars becomes a crucial point. The results of seven-color photometry and quantitative classification of individual stars obtained in the present paper (Table 3) will be used in the forthcoming paper on the fundamental parameters of IC 361. Table 3 . Results of photometry, photometric classification, interstellar extinctions and distances for stars in the IC 361 area. (2000) DEC (2000) (2000) DEC (2000) 
